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(57) ABSTRACT

A torque-coupling assembly comprises a shaft member, a
fluidly sealed hollow coupling case containing an amount of
ahydraulic fluid therewithin and rotatably mounted about the
shaft member a friction clutch assembly disposed within the
coupling case for selectively engaging and disengaging the
coupling case and the shaft member, and a hydraulic pump
disposed within the coupling case for generating a hydraulic
fluid pressure to frictionally engage the clutch assembly and
supplied with the hydraulic fluid contained in the sealed cou-
pling case. Thus, the torque-coupling assembly of the present
invention is self-contained so that it does not require a supply
of hydraulic fluid stored outside the frictional clutch assem-
bly.
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SELF-CONTAINED TORQUE-COUPLING
ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to torque-coupling
assemblies in general, and more particularly to a self-con-
tained, fluidly actuated torque-coupling assembly.

[0003] 2. Description of the Prior Art

[0004] Typically all-wheel drive (AWD) vehicles are built
by adding a PTU (power take off unit) and an auxiliary rear
axle to a FF (front-engine, front-wheel-drive) car. Full-time
AWD vehicles employ a PTU that contains a center differen-
tial. Part-time or on-demand AWD cars employ a simpler
PTU without a center differential and a torque-coupling
assembly positioned between the PTU and the rear axle.
Usually, the torque-coupling assembly is a clutch device that
is activated at will via an electromechanical actuator or an
electro-hydraulic actuator. The prior art torque-coupling
assemblies are constructed by attaching the clutch device at
the pinion-gear shaft of a rear differential unit and by con-
taining it inside its own coupling housing that is in turn
mounted in front of the differential housing. Typically, the
clutch device comprises a coupling case, a side cover, a multi-
plate clutch pack, and an actuator. A separate U-joint yoke is
attached at the end of the clutch device. Such an arrangement
requires a bearing to radially and axially support the clutch
device on the coupling housing.

[0005] The clutch device is normally actuated by various
hydraulic actuator assemblies, which are constructed of ele-
ments disposed inside a coupling case. The hydraulic actuator
assemblies often include displacement pumps disposed
inside the coupling case and actuated in response to a relative
rotation between the coupling case and the output shaft. The
displacement pumps are usually in the form of internal gear
pumps, such as gerotor pumps adapted to convert rotational
work to hydraulic work. In the internal gear pumps, an inner
gear having outwardly directed teeth cooperates with an
external gear having inwardly directed teeth so that fluid
chambers therebetween increase and decrease in volume as
the inner and outer gears rotate in the coupling case. The
current hydraulic torque-coupling devices are not self-con-
tained in a sense that they require a supply of hydraulic fluid
stored outside the frictional clutch device. In other words,
they are require a non-rotatable housing external to the cou-
pling case, which is typically attached to an axle housing or a
transfer case. This complex structure of the torque-coupling
assembly not only makes the system bulkier but also makes it
hard to assemble and expensive to manufacture.

[0006] Thus, while known hydraulic couplings, including
but not limited to those discussed above, have proven to be
acceptable for some vehicular driveline applications and con-
ditions, such devices are nevertheless susceptible to improve-
ments that may enhance their performance and/or cost. With
this in mind, a need exists to develop improved torque-cou-
pling assemblies that advance the art and to simplify the
overall structure of the torque-coupling assembly.

SUMMARY OF THE INVENTION

[0007] The present invention provides an improved fluidly
actuated torque-coupling assembly. The torque-coupling
assembly in accordance with the present invention comprises
a shaft member, a fluidly sealed hollow coupling case con-
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taining an amount of a fluid therewithin and rotatably
mounted about the shaft member a friction clutch assembly
disposed within the coupling case for selectively engaging
and disengaging the coupling case and the shaft member, and
a fluid pump disposed within the coupling case for generating
afluid pressure to frictionally engage the clutch assembly and
supplied with the fluid contained in the sealed coupling case.
Thus, the torque-coupling assembly of the present invention
is self-contained so that it does not require a supply of fluid
stored outside the frictional clutch assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Other objects and advantages of the invention will
become apparent from a study of the following specification
when viewed in light of the accompanying drawings,
wherein:

[0009] FIG. 1 is a schematic diagram showing a drivetrain
of an all-wheel drive motor vehicle in accordance with the
preferred embodiment of the present invention;

[0010] FIG. 2 is a sectional view of a torque-coupling
assembly according to the preferred embodiment of the
present invention mounted to a drive axle of the motor
vehicle;

[0011] FIG. 3 is an enlarged sectional view of the torque-
coupling assembly according to the preferred embodiment of
the present invention;

[0012] FIG. 4 is an enlarged sectional view of the torque-
coupling assembly according to the alternative embodiment
of the present invention;

[0013] FIG. 5 is an enlarged sectional view of a variable
pressure relief valve assembly according to the preferred
embodiment of the present invention showing a pressure-
control spool valve in an open position;

[0014] FIG. 6 is an enlarged cross-sectional view of an end
plate of the torque-coupling assembly;

[0015] FIG. 7 is an enlarged side view of a spool member of
the pressure-control spool valve.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0016] The preferred embodiment of the present invention
will now be described with the reference to accompanying
drawings.

[0017] For purposes of the following description, certain
terminology is used in the following description for conve-
nience only and is not limiting. The words “right”, “left”,
“rightward,” and “leftward” designate directions in the draw-
ings to which reference is made. The words “outermost” and
“innermost” refer to position in a vertical direction relative to
a geometric center of the apparatus of the present invention
and designated parts thereof. The terminology includes the
words above specifically mentioned, derivatives thereof and
words of similar import. Additionally, the word “a”, as used in
the claims, means “at least one.” The present invention is
directed to a hydraulically actuated torque coupling assembly
including a hydraulic fluid pump, generally depicted by the
reference numeral 10 in FIG. 1 that illustrates a preferred
embodiment of the present invention. It will be appreciated
that the hydraulically actuated torque coupling assembly of
the present invention may be in any appropriate form, such as
hydraulically actuated shaft coupling, auxiliary axle coupling
for a motor vehicle, a power take-oft coupling of a front-
wheel-drive transaxle, etc.
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[0018] FIG. 1 schematically depicts a drivetrain 100 of an
all-wheel drive (AWD) motor vehicle in accordance with the
preferred embodiment of the present invention. However, it is
to be understood that while the present invention is described
in relation to the all-wheel drive motor vehicle, the present
invention is equally suitable for use in other hydraulically
actuated friction couplings utilizing a speed sensitive hydrau-
lic actuator.

[0019] The AWD drivetrain 100 comprises an internal com-
bustion engine 102 mounted to a front end of the motor
vehicle and coupled to a transaxle 104 of a front (primary)
full-time axle, a power transfer unit 108, a propeller shaft 110
and a selectively, on-demand operable rear (auxiliary) axle
assembly 112. However, it should be noted that the present
invention could be used on a rear wheel drive primary driven
axle vehicle or any other all-wheel drive or all wheel drive
vehicle. The transaxle 104 includes a front differential unit
106 rotated by a drive torque from the engine 102, and two
front axle shafts 1054 and 1055 outwardly extending from the
front differential unit 106 and drivingly coupled to front
wheels 107a and 1075, respectively. The auxiliary axle
assembly 112 includes a rear differential unit 116 disposed in
an axle housing 114, and two rear (auxiliary) axle shafts 120a
and 1205 outwardly extending from the rear differential unit
116 and drivingly coupled to rear wheels 122a and 1225,
respectively.

[0020] The drivetrain 100 further includes a selectively
operable, hydraulically actuated torque-coupling device 10
adapted to selectively actuate the rear, auxiliary drive axle
112 of the AWD motor vehicle only when slippage of the
wheels 107a and 1075 occurs with the primary axle. FIG. 2
illustrates the torque-coupling device 10 operatively con-
nected to the auxiliary axle assembly 112. It is to be under-
stood that while the present invention is described in relation
to the auxiliary drive axle of the AWD motor vehicle, the
present invention is equally suitable for use in other hydrau-
lically actuated friction couplings, such as torque coupling
mechanisms for a gear-train utilizing a speed sensitive limited
slip device.

[0021] The torque-coupling device 10 includes a hollow
coupling case 12, an input member (or shaft) and an output
member (or shaft). Preferably, the input member is in the form
of'a U-joint yoke 16 drivingly coupled to a distal end of the
propeller shaft 110, while the output member is in the form of
apinion shaft member 14 of the auxiliary axle assembly 112.
The pinion shaft member 14 is supported within the axle
housing 114 for rotation about a central axis 19 through
anti-friction bearings 13a and 13b. The propeller shaft 110
transmits a drive torque from the engine 102 to the input
member 16 through the transaxle 104 and the power transfer
unit 108. A pinion gear 15 of the pinion shaft member 14
drivingly engages a ring gear 118 of the differential unit 116.
The hollow coupling case 12 is non-rotatably fastened to the
input member 16, such as by bolts 17, for rotation about the
central axis 19 relative to the axle housing 114 of the auxiliary
axle assembly 112. In other words, both the input member 16
and the coupling case 12 are substantially coaxial to the
pinion shaft member 14. Moreover, as the coupling case 12 is
non-rotatably fastened to the input member 16, the coupling
case 12 also constitutes the input member.

[0022] The torque-coupling device 10 further includes a
limited slip device, preferably in the form of a hydraulically
actuated friction clutch assembly 18. The friction clutch
assembly 18 operatively and selectively connects the propel-
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ler shaft 110 and the rear differential unit 116. The clutch
assembly 18 is selectively actuated by a corresponding
hydraulic clutch actuator 22. Both the clutch assembly 18 and
the clutch actuator 22 are disposed within the coupling case
12. The hydraulically actuated friction clutch assembly 18 is
provided for selectively engaging and disengaging the input
member 16 and the pinion shaft member 14, while the
hydraulic clutch actuator 22 for selectively frictionally load-
ing the friction clutch assembly 18. In other words, as the
coupling case 12 is non-rotatably fastened to the input mem-
ber 16, the friction clutch assembly 18 is provided for selec-
tively drivingly connecting the coupling case 12 to the pinion
shaft member 14.

[0023] FIG. 3 illustrates in detail the torque-coupling
device 10. Preferably, the coupling case 12 is made of alumi-
num and includes a hollow case member 12a defining an
opening 125 therein, and a side cover member 12¢ fastened to
the case member 12a by a plurality of threaded fasteners 124,
such as screws or bolts. Alternatively, the case member 124 is
fastened to the cover member 12¢ by a threaded connection
29. More specifically, as shown in FIG. 4, threads 29a formed
on an inner peripheral surface of the case member 124 adja-
cent to the opening 125 therein engage threads 295 formed on
an outer peripheral surface of the cover member 12¢.

[0024] The coupling case 12 is rotatably mounted about a
substantially cylindrical drive sleeve 23, which, in turn, is
non-rotatably mounted about the pinion shaft member 14
coaxially therewith by any appropriate means known in the
art. The coupling case 12 is provided with annular elastic seal
members 25a and 255 secured to the case member 124 and
cover member 12¢, respectively, in an axially spaced relation-
ship. Both seal members 25a¢ and 2554 are in sealing and
sliding contact with an outer peripheral surface of the drive
sleeve 23. Thus, the elastic seal members 25a and 256 are
provided for sealingly mounting the coupling case 12 about
the drive sleeve 23 so as to form a substantially annular,
fluidly sealed compartment 21 between the coupling case 12
and the drive sleeve 23. Moreover, the sealed compartment 21
contains a certain amount of a hydraulic fluid 27 therewithin
for supplying hydraulic fluid to the hydraulic clutch actuator
22, thus defining a sealed hydraulic fluid reservoir.

[0025] Inaccordance with the preferred embodiment of the
present invention, the hydraulic friction clutch assembly 18 is
hydraulically actuated multi-plate clutch assembly including
a friction clutch pack 20. The friction clutch pack 20, well
known in the prior art, includes sets of alternating outer fric-
tion plates 20q and inner friction plates 205. Conventionally,
an outer circumference of the outer friction plates 20a is
provided with projections that non-rotatably engage corre-
sponding grooves formed in the coupling case 12. Similarly,
an inner circumference of the inner friction plates 206 is
provided with projections that non-rotatably engage corre-
sponding grooves formed in the drive sleeve 23. At the same
time, both the outer friction plates 20a and the inner friction
plates 205 are slideable in the axial direction. The clutch
plates 20q frictionally engage the clutch plates 205 to form a
torque coupling arrangement between the coupling case 12
and the pinion shaft member 14.

[0026] The hydraulic clutch actuator 22 selectively actu-
ates the clutch assembly 18. Preferably, the hydraulic clutch
actuator 22 includes a speed sensitive positive displacement
hydraulic pump 24 providing a pressurized hydraulic fluid, a
piston assembly 26 for axially loading the clutch pack 20, and
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a variable pressure relief valve assembly 30 for selectively
controlling a discharge pressure of the pump 24 and, subse-
quently, the clutch pack 20.

[0027] The variable pressure relief valve assembly 30 is
operated by an electromagnetic (preferably, solenoid) actua-
tor electronically controlled by a coupling control module
(CCM) 130 (shown in FIG. 1) based on one or more vehicle
parameters as control inputs 132, such as a vehicle speed, an
accelerator pedal position, vehicle yaw rate, a vehicle lateral
acceleration, a steering angle, an engine throttle valve posi-
tion, a brake application, etc., through the CAN (Controller
Area Network) bus. When energized, the variable pressure
relief valve assembly 30 is capable of continuously modulat-
ing a discharge pressure of the pump 24 in a variable range
from a minimum pressure to a maximum pressure, thereby
selectively and variably controlling a drive torque applied to
the pinion shaft member 14 in a range from a minimum torque
value to a maximum torque value.

[0028] The speed sensitive hydraulic pump 24 disposed
within the coupling case 12 actuates the clutch pack 20 when
the relative rotation between the input member 16 and the
pinion shaft member 14 occurs. It will be appreciated that a
hydraulic pressure generated by the pump 24 is substantially
proportional to a rotational speed difference between the
coupling case 12 (thus, the input member 16) and the drive
pinion shaft member 14. Preferably, the hydraulic pump 24
employed to provide pressurized hydraulic fluid to actuate the
clutch pack 20 is a bidirectional (reversible) gerotor pump.
The gerotor pump 24 includes an outer ring member 24a, an
outer rotor 24b, and an inner rotor 24¢. The inner rotor 24c¢ is
drivingly (non-rotatably) coupled (i.e., keyed or splined) to
the drive sleeve 23 (thus to the pinion shaft member 14), and
the outer ring member 24a is secured (i.e., keyed or splined)
to the coupling case 12. The inner rotor 24c¢ has a plurality of
external teeth that rotate concentrically relative to the axis 19.
The outer rotor 245 includes a plurality of internal teeth and
has an outer circumferential edge surface that is rotatably
supported within a circular internal bore formed in the outer
ring member 24a. Preferably, the inner rotor 24¢ has one less
tooth than the outer rotor 245 and when relative rotation
between the inner rotor 24¢ and the outer ring member 24a
occurs, it causes eccentric rotation of the outer rotor 245,
which can freely rotate within the outer ring member 24a
eccentrically with respect to the inner rotor 24¢, thus provid-
ing a series of decreasing and increasing volume fluid pockets
by means of which fluid pressure is created. Therefore, when
relative motion takes place between the drive pinion shaft
member 14 and the input member 16, the gerotor pump 24
generates hydraulic fluid pressure. The outer ring member
244 has a 180° circumferential cut out (not shown) that
engages a dowel pin (not shown) on the end plate 28. This
engagement of the dowel pin and the outer ring member 24a
allows the gerotor pump 24 to change over its pumping direc-
tion when the rotational direction of the coupling case 12
changes relative to the pinion shaft 14. However, it will be
appreciated that any other appropriate type of hydraulic pump
generating the hydraulic pressure in response to the relative
rotation between the drive pinion shaft member 14 and the
input member 16 is within the scope of the present invention.
[0029] The piston assembly 26 including a hydraulically
actuated piston 26a disposed within a piston housing 265,
serves to compress the clutch pack 20 and retard any speed
differential between the drive pinion shaft member 14 and the
input member 16. The piston housing 265 is non-rotatably
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disposed on the coupling case 12 via the splines at the inner
peripheral surface of the case member 12a of the coupling
case 12. Pressurized hydraulic fluid to actuate the piston 26a
and engage the clutch pack 20 is provided by the gerotor
pump 24. In such an arrangement, when a speed difference
between the drive pinion shaft member 14 and the input
member 16 exists, the hydraulic fluid is drawn into the pump
24 from the sealed compartment (hydraulic fluid reservoir)
21. As illustrated in FIGS. 2 and 3, the hydraulic pump 24 is
sandwiched between the piston housing 26b and an end plate
28 in the axial direction of the central axis 19. The end plate
28 is rotatably disposed on the drive sleeve 23, however it is
non-rotatably mounted to an inner peripheral surface of the
coupling case via a spline connection. The side cover member
12¢ of the coupling case 12 blocks the axial movement of the
end plate 28 away from the gerotor pump 24. The gerotor
pump 24 pumps the pressurized fluid into a piston pressure
chamber 26¢ defined between the piston 26a and the piston
housing 265 to actuate the clutch pack 20. As the speed
difference increases, the pressure progressively increases.
The pressurized fluid in the piston pressure chamber 26¢
creates an axial force upon the piston 26a for applying a
compressive clutch engagement force on the clutch pack 20,
thereby transferring drive torque from the input member 16 to
the drive pinion shaft member 14 through the coupling case
12. The amount of torque transfer (i.e., the torque ratio or
split) is progressive and continuously variable and is propor-
tional to the magnitude of the clutch engagement force
exerted by the piston 26a on the clutch pack 20 which, in turn,
is a function of the fluid pressure within the piston chamber
26¢. Moreover, the magnitude of the fluid pressure within
piston pressure chamber 26c, as delivered thereto by the
hydraulic pump 24, is largely a function of the speed differ-
ential between the input member 16 and the drive pinion shaft
member 14.

[0030] When the friction clutch assembly 18 is actuated by
the hydraulic clutch actuator assembly, the outer clutch plates
20q frictionally engage the inner clutch plates 205 to form a
torque coupling between the coupling case 12 and the pinion
shaft member 14. As described above, the hydraulic pump 24
actuates the friction clutch assembly 18 depending on the
relative rotation between the coupling case 12 and the drive
sleeve 23, i.e. the pinion shaft member 14. More specifically,
the speed sensitive fluid pump 24 actuates the piston assem-
bly 26 that compresses (axially loading) the friction clutch
assembly 18 to increase the frictional engagement between
the clutch plates 204 and 204.

[0031] Asnoted above, in order to control the fluid pressure
generated by the hydraulic pump 24 (thus the fluid pressure
within the piston pressure chamber 26¢ and, subsequently, the
output torque distribution of the torque-coupling device 10),
the hydraulic clutch actuator 22 is provided with the variable
pressure relief valve assembly 30. As illustrated in detail in
FIG. 5, the variable pressure relief valve assembly 30 accord-
ing to the present invention is in the form of an electromag-
netic valve assembly comprising a valve closure member in
the form of a pressure control spool valve 32 disposed within
the coupling case 12 and controlled by an electromagnetic
actuator 34 that may be any appropriate electromagnetic
device well known in the art, such as a solenoid. As further
shown in FIGS. 3 and 4, the end plate 28 is provided with at
least one, preferably more than one, inlet port (or suction
passage) 35 formed therewithin through which the hydraulic
fluid is drawn into the hydraulic pump 24 from the sealed
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compartment (hydraulic fluid reservoir) 21 (depicted by the
reference mark F, in FIG. 5), and at least one fluid control
passage 36 through which the hydraulic fluid exits the
hydraulic pump 24 and into the sealed compartment 21 (de-
picted by the reference mark F, in FIG. 5). Preferably, the
inlet port 35 and the fluid control passage 36 are formed
within the end plate 28 disposed in the coupling case 12
adjacent to the hydraulic pump 24. The fluid control passage
36 is in fluid communication with an outlet port of the hydrau-
lic pump 24 through an inlet opening 37 formed in the end
plate 28. The hydraulic fluid leaves the fluid control passage
36 through an exit opening 38 provided at a radially inner-
most end of the fluid control passage 36. In other words, the
hydraulic fluid released from the hydraulic pump 24 enters
the fluid control passage 36 through the inlet opening 37 and
leaves the fluid control passage 36 through the exit opening
38, as illustrated in FIG. 5 by the reference mark F,. Prefer-
ably, the inlet port 35 and the control passage 36 are formed
within the end plate 28 by drilling. Alternatively, the inlet port
35 and the control passage 36 could be formed by casting, or
any other appropriate method known in the art.

[0032] The pressure-control valve 32 according to the
present invention is a spool valve that comprises a spool
member 40 disposed in a valve chamber (or valve bore) 39 for
sliding movement therewithin. The valve bore 39 is formed in
the end plate 28 across the fluid control passage 36. In other
words, the valve bore 39 is in fluid communication with the
fluid control passage 36. Preferably, as illustrated in detail in
FIG. 6, the valve bore 39 is substantially cylindrical in cross-
section and is formed as a dead-ended drill hole in the end
plate 28 from an axially outer face thereof facing the cover
member 12¢ of the coupling case 12. The fluid control pas-
sage 36 is drilled across a central portion of the valve bore 39.
The 20 inlet opening 37 is drilled in the end plate 28 from an
inner face thereof facing the pump 24 as another dead-ended
hole through the fluid control passage 36, thus fluidly con-
necting the fluid control passage 36 with the outlet port of the
hydraulic pump 24.

[0033] The spool member 40, illustrated in detail in FIG. 7,
includes two substantially cylindrical land portions 42a and
42b axially spaced by a central portion (or valve stem) 44 of
a reduced size relative to the land portions 42a and 425. The
land portions 42a and 425 of the spool member 40 slidingly
engage a complementary inner peripheral surface 46 of the
valve bore 39 (shown in FIG. 6). The spool member 40 further
includes a connecting portion (or shaft) 48 axially extending
therefrom. The connecting portion 48 is provided for mount-
ing the spool member 40 to the electromagnetic actuator 34.
[0034] The spool member 40 of the pressure-control valve
32 is axially movable within the valve bore 39 by the electro-
magnetic actuator 34 between a closed position when the land
portion 424 of the spool member 40 blocks the fluid control
passage 36 (not shown), and an open position thereof when
the reduced diameter central portion 44 of the spool member
40 is axially registered with the fluid control passage 36 so as
to allow hydraulic fluid in the fluid control passage 36 freely
flow through the spool valve 32 across the spool member 40
(as shown in FIGS. 3 and 4). Also, the spool valve 32 may be
positioned in a partially closed position (i.e. between open
and closed positions) so that the spool member 40 partially
blocks the fluid control passage 36.

[0035] Asbestshownin FIGS. 3 and 4, the electromagnetic
actuator 34 is mounted to the cover member 12¢ of the cou-
pling case 12. The electromagnetic actuator 34 comprises an
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annular electromagnetic coil (or solenoid) assembly 50 and
an armature 52 axially movable in the direction of the central
axis 19. Preferably, the armature 52 is in the form of an
annular armature disc and both the coil assembly 50 and the
armature disc 52 are disposed substantially coaxially with the
central axis 19.

[0036] The electro-magnetic coil assembly 50 comprises a
substantially annular coil housing 54 and a coil winding 56
wound about the coil housing 54. The coil housing 54 is
formed of a single or a plurality of laminations of a magneti-
cally permeable material, such as conventional ferromagnetic
materials. The electro-magnetic coil assembly 50 is non-
rotatably mounted to a magnet holder 60 outside the coupling
case 12 within an annular groove 51 formed in the cover
member 12¢ of the coupling case 12. In turn, the magnet
holder 60 is supported by the cover member 12¢ of the cou-
pling case 12 substantially coaxially to the axis 19 through an
anti-friction bearing 58 (such as ball bearing) for rotation
relative to the coupling case 12. The magnet holder 60 is made
of any appropriate non-magnetic material well known to
those skilled in the art, such as plastic. Preferably, both the
coil assembly 50 and the magnet holder 60 are at least par-
tially disposed in a recess 12e formed in the cover member
12¢ of the coupling case 12, as illustrated in FIGS. 2 and 3.
The magnetholder 60 has at least one tab 62 fixed thereto. The
tab 62 is fastened to the axle housing 114 with a correspond-
ing threaded fastener 63, as shown in FIG. 2, in order to
non-rotatably secure the magnet holder 60 to the axle housing
114. Consequently, the coil assembly 50 is non-rotatable
relative to the axle housing 114, while the coupling case 12 is
rotatable relative to the axle housing 114 and the coil assem-
bly 50. A dust cover 66 is attached to the cover member 12¢
for protecting the coil assembly 50 against dust and foreign
material, such as road debris. Alternatively, the dust cover 66
may be attached to the magnet holder 60.

[0037] The armature disc 52 is disposed inside the coupling
case 12 axially inwardly of the electromagnetic coil assembly
50 and substantially coaxially thereto. Moreover, the arma-
ture disc 52 is coaxial to the coil winding 56 and is axially
spaced from an inner surface 53 of the cover member 12¢ of
the coupling case 12, thus defining an air gap 57. The spool
member 40 of the spool valve 32 is securely attached to the
armature disc 52 by any appropriate manner known in the art.
Preferably, the connecting portion 48 axially extending from
the spool member 40 is press-fit at an axially inner face of the
armature 52 (as illustrated in FIG. 5). A preloaded spring 62,
such as coil spring or wave spring, is operatively disposed
between the inner surface 53 of the cover member. 12¢ and an
axially outer face of the armature disc 52 for urging (biasing)
the spool member 40 leftward (as shown in FIG. 5) toward the
end plate 28 to the open position of the spool valve 32. In other
words, the pressure-control spool valve 32 defines a nor-
mally-open valve.

[0038] As further shown in FIGS. 3 and 4, the annular
armature disc 52 is mounted about a support flange 64 formed
integrally with the cover member 12¢ of the coupling case 12
s0 as to extend into the sealed compartment 21 thereof. More-
over, an annular outer peripheral surface of the support flange
64 is substantially coaxial with the central axis 19. The sup-
port flange 64 supports the armature disc 52 within the cou-
pling case 12 and guides the axial movement thereof in the
direction of the central axis 19. Preferably, the armature disc
52 is non-rotatably mounted to the support flange 64 of the
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cover member 12¢ of the coupling case 12, forcing the arma-
ture disc 52 to rotate together with the coupling case 12.
[0039] In operation, when the rotational speed difference
between the pinion shaft member 14 and the propeller shaft
110 occurs, the hydraulic pump 24 is activated to draw the
hydraulic fluid from the sealed compartment (hydraulic fluid
reservoir) 21 through the inlet port 35 into the hydraulic pump
24.

[0040] When no electrical current or a minimum current is
supplied to the coil winding 56 of the electromagnetic coil
assembly 50, the electromagnetic force applied to the arma-
ture disc 52 is at its minimum, and the spring 62 urges the
spool member 40 leftward (as shown in FIGS. 3 and 4) setting
the spool valve 32 in the open position. Consequently, the
hydraulic fluid flow generated by the pump 24 freely exits the
outlet port of the pump 24 via the fluid control passage 36 in
the end plate 28 through the open spool valve 32. In this
configuration, the pump 24 does not generate sufficient fluid
pressure so that the hydraulic pressure which can be obtained
in the piston pressure chamber 26¢ of the piston assembly 26
is not high enough to engage the clutch pack 20, essentially
disengaging the clutch assembly 18 and disconnecting the
pinion shaft member 14 of the auxiliary axle assembly 112
from the propeller shaft 110. In other words, if no electrical
current or a minimum current is supplied to the coil winding
56 of the electromagnetic coil assembly 50, a minimum fluid
pressure is provided by the spool valve 32 within the piston
pressure chamber 26¢, and the torque-coupling device 10 is
effectively disabled, i.e. is in a fully “OFF” condition.
[0041] As best shown in FIGS. 2-4, when electrical current
is supplied to the coil winding 56, a magnetic flux is caused to
flow through the armature disc 52. The magnetic flux creates
an electromagnetic force that axially displaces the armature
disc 52 toward the electromagnetic coil assembly 50. The
armature disc 52 selectively displaces the spool member 40
rightward, away from the pump 24 against the compressing
force of the spring 62 with a predetermined axial magnetic
force that is a function of the electrical current supplied to the
coil winding 56. Thus, the displacement of the armature disc
52 is determined by the balancing of the electromagnetic
force generated by the electromagnetic coil assembly 50 and
the compressing force of the spring 62. It will be appreciated
by those skilled in the art that the spool member 40 will move
until the axial magnetic force is larger than the axial com-
pressing force of the spring 62 exerted to the armature disc 52
by the magnetic flux generated by the coil winding 56,
thereby pulling the spool member 40 rightward, away from
the pump 24 and out of the open position and toward its closed
position. In such a position, the spool member 40 mounted to
the armature disc 52, at least partially closes the fluid control
passage 36 in proportion to its displacement, choking the
hydraulic fluid flow through the fluid control passage 36, thus
increasing the fluid pressure generated by the hydraulic pump
24. In this manner, by adjusting the electric current supplied
to the electromagnetic actuator 34, the fluid pressure to the
piston assembly 26 can be controlled.

[0042] Therefore, such an arrangement creates the pres-
sure-control valve assembly 30 which regulates a magnitude
ot hydraulic pressure in the piston pressure chamber 26¢ that
is a function of the current supplied to the coil winding 56.
Thus, the variable pressure-control valve assembly 30 selec-
tively sets the hydraulic pressure generated by the hydraulic
pump 24 based on the magnitude of the electrical current
supplied to the electromagnetic actuator 34 and, subse-

May 1, 2008

quently, defines the magnitude of the pressure within the
piston pressure chamber 26¢. The fluid pressure limit of the
pressure-control valve 32, i.e. the fluid pressure generated by
the pump 24, can be adjusted by controlling the current
applied to the co coil winding 56 of the electromagnetic
actuator 34. As less current is applied to the coil winding 56,
less axial electromagnetic force is exerted to the spool valve
32, thus the less is the fluid pressure generated by the hydrau-
lic pump 24. This results in an adjustment mechanism for
regulating the fluid pressure attainable within the piston pres-
sure chamber 26¢ of the friction clutch assembly 18.

[0043] When a maximum current is applied to the coil
winding 56 of the solenoid actuator 34, the electromagnetic
force generated by the electromagnetic actuator 34 and thus
the pulling force acting to the pressure-control spool valve 32
is at its maximum. This electromagnetic force displaces the
spool member 40 away from the end plate 28 to its closed
position when the land portion 425 of the spool member 40
completely blocks the fluid control passage 36. In such a
position, the hydraulic pressure attainable in the piston pres-
sure chamber 26¢ of friction clutch assembly 18 is at its
maximum and sufficient to fully actuate the friction clutch
pack 20 which results in fully engaging the torque-coupling
device 10. In other words, if the maximum current is supplied
to the coil winding 56 of the electro-magnetic coil assembly
50, the torque-coupling device 10 is fully engaged, i.e.isina
fully “ON” condition.

[0044] In between the “ON” and “OFF” conditions of the
torque-coupling device 10, the fluid pressure generated by the
pump 24, i.e. the fluid pressure attainable in the piston pres-
sure chamber 26¢, may be set at any value by modulating the
current applied to the coil winding 56 of the solenoid actuator
34. This provides the torque-coupling device 10 with an infi-
nitely variable fluid pressure in which the amount of the slip
available to the clutch assembly 18 can be optimized to match
various vehicle operating conditions. This provides an oppor-
tunity to dynamically control the hydraulic pressure for trac-
tion enhancement. For example, if the pressure generated by
the pump 24 is set at a low value, a control system can be used
to sense wheel speeds or speed differences and allow for
increased hydraulic pressure. The increase in pressure avail-
able may be a function of the speed difference. This will result
in an optimized amount of limited slip between the fully
“ON” and “OFF” conditions.

[0045] During normal operation, the torque-coupling
device 10 is in the “OFF” position as the minimum current is
applied to the variable pressure relief valve assembly 30, thus
disabling the friction clutch assembly 18. However, if the
wheels 107a and 1075 of the primary axle lose traction, the
CCM 130 issues a signal to the variable pressure relief valve
assembly 30 to set the torque-coupling device 10 in the “ON”
position. This will set the maximum pressure generated by the
pump 24 and provided by the pressure-control valve 32. The
differential speed between the input member 16 and the pin-
ion shaft member 14 will result in the hydraulic pump 24
delivering pressurized fluid at its maximum value to the pis-
ton chamber 26¢, and the friction clutch pack 20 will be fully
engaged. With the clutch pack 20 engaged, the wheels 1224
and 1226 of the auxiliary axle assembly 112 of the vehicle
will be driven. Therefore, in accordance with the present
invention, the AWD system is actuated only when the vehicle
input sensors sense a reduction in traction at the front wheels
107a and 107b. Also, the AWD system may by actuated
manually by a vehicle operator.
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[0046] Moreover, when energized, the variable pressure
relief valve assembly 30 is capable of modulating a pump
discharge pressure in a variable range from a minimum pres-
sure to a maximum pressure, thereby selectively and variably
controlling a drive torque applied to the wheels of the auxil-
iary axle in a range from a minimum torque value to a maxi-
mum torque value. Thus, the torque-coupling assembly in
accordance with the present invention allows infinitely vari-
able torque distribution between the primary axle and the
auxiliary axle. Furthermore, the torque-coupling assembly is
self-contained so that it does not require a supply of hydraulic
fluid stored outside the frictional clutch assembly.

[0047] The description of the preferred embodiment of the
present invention has been presented for the purpose of illus-
tration in accordance with the provisions of the Patent Stat-
utes. It is not intended to be exhaustive or to limit the inven-
tion to the precise forms disclosed. For example, it is to be
understood that while the present invention is described in
relation to a hydraulically actuated torque-coupling assem-
bly, the present invention is equally suitable for use in other
hydraulically actuated torque couplings, such as torque cou-
pling mechanisms for speed sensitive limited slip differential
units. Additionally, although FIG. I shows a rear-wheel drive
embodiment of the invention, the invention is equally appli-
cable to a front-wheel drive configuration of the vehicular
drivetrain.

[0048] The foregoing description of the preferred embodi-
ment of the present invention has been presented for the
purpose of illustration in accordance with the provisions of
the Patent Statutes. It is not intended to be exhaustive or to
limit the invention to the precise forms disclosed. Obvious
modifications or variations are possible in light of the above
teachings. The embodiments disclosed hereinabove were
chosen in order to best illustrate the principles of the present
invention and its practical application to thereby enable those
of ordinary skill in the art to best utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated, as long as the prin-
ciples described herein are followed. Thus, changes can be
made in the above-described invention without departing
from the intent and scope thereof. It is also intended that the
scope of the present invention be defined by the claims
appended thereto.

What is claimed is:

1. A torque-coupling assembly comprising:

a shaft member;

afluidly sealed hollow coupling case containing an amount
of'afluid therewithin, said sealed coupling case rotatably
mounted about said shaft member;

a friction clutch assembly disposed within said coupling
case for selectively drivingly connecting said coupling
case and said shaft member; and

a fluid pump disposed within said coupling case for gen-
erating a fluid pressure to frictionally load said clutch
assembly and supplied with said fluid contained in said
coupling case.

2. The torque-coupling assembly as defined in claim 1,

further comprising:

afluid control passage through which said fluid discharged
from said fluid pump into said coupling case; and

a variable pressure-control valve assembly including a
valve closure member disposed within said coupling
case and an electro-magnetic actuator for producing a
variable axial electromagnetic force acting against said
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valve closure member so as to selectively control the
flow rate of said fluid through said fluid control passage.

3. The torque-coupling assembly as defined in claim 2,
wherein said valve closure member is in the form of a spool
valve disposed in said fluid control passage, and wherein said
electromagnetic actuator produces said variable axial electro-
magnetic force acting against said spool valve so as to selec-
tively adjust the position of said spool valve in said fluid
control passage in order to selectively control the flow rate of
said fluid in said fluid control passage.

4. The torque-coupling assembly as defined in claim 3,
wherein said electro-magnetic actuator includes an electro-
magnetic coil assembly disposed outside said coupling case
and an armature disposed inside said coupling case and axi-
ally movable relative to said electro-magnetic coil assembly.

5. The torque-coupling assembly as defined in claim 4,
wherein said electromagnetic coil assembly is disposed out-
side said coupling case and said armature is disposed inside
said coupling case.

6. The torque-coupling assembly as defined in claim 4,
wherein the position of said spool valve is selectively adjust-
able between an open position allowing flow of said fluid
through said fluid control passage and a closed position
blocking flow of said fluid through said fluid control passage.

7. The torque-coupling assembly as defined in claim 6,
wherein said spool valve includes a spool member disposed in
avalve chamber for sliding movement therewithin; said valve
chamber is in fluid communication with said fluid control
passage; said spool valve is mounted to said armature.

8. The torque-coupling assembly as defined in claim 7,
wherein said fluid control passage is formed through an end
plate adjacent to said fluid pump and said valve chamber is
formed in said end plate across said fluid control passage.

9. The torque-coupling assembly as defined in claim 4,
wherein said electromagnetic coil assembly is rotatably
mounted to said coupling case.

10. The differential assembly as defined in claim 3, further
including a piston assembly disposed within said coupling
case between said pump and said clutch assembly and defin-
ing a pressure chamber, wherein said variable pressure-con-
trol valve assembly selectively controls a fluid pressure
attainable within said pressure chamber.

11. The torque-coupling assembly as defined in claim 10,
wherein said variable pressure-control valve assembly selec-
tively controls said pressure attainable within said pressure
chamber between a maximum pressure when said spool valve
is in said closed position and a minimum pressure when said
spool valve is in said open position so as to enable partial
actuation of said friction clutch assembly.

12. The torque-coupling assembly as defined in claim 11,
wherein said minimum pressure attainable within said pres-
sure chamber is at a level that prevents actuation of said
friction clutch assembly, and wherein said maximum pres-
sure attainable within said pressure chamber is at a level that
enables complete actuation of said friction clutch assembly.

13. The torque-coupling assembly as defined in claim 2,
wherein said selective control of said friction clutch assembly
is determined in response to at least one vehicle parameter.

14. The torque-coupling assembly as defined in claim 1,
wherein said torque-coupling assembly is provided for selec-
tively actuating of a auxiliary drive axle assembly of an all-
wheel-drive motor vehicle; and wherein said coupling case is
drivingly coupled to a propeller shaft of said motor vehicle.
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15. The torque-coupling assembly as defined in claim 20,
wherein said auxiliary drive axle assembly includes a differ-
ential unit, and wherein said shaft member is a drive pinion
shaft of said auxiliary drive axle assembly drivingly coupled
with a ring gear of said differential unit.

16. A torque-coupling assembly in a drivetrain of an all-
wheel-drive motor vehicle for selectively actuating of an aux-
iliary drive axle assembly of said motor vehicle, said auxiliary
drive axle assembly including a differential unit, said torque-
coupling assembly comprising:

a pinion shaft drivingly coupled with a ring gear of said

differential unit;

afluidly sealed hollow coupling case containing an amount
of'afluid therewithin, said sealed coupling case rotatably
mounted about said pinion shaft;

a friction clutch assembly disposed within said coupling
case for selectively drivingly connecting said coupling
case and said shaft member; and

a fluid pump disposed within said coupling case for gen-
erating a fluid pressure to frictionally load said clutch
assembly and supplied with said fluid contained in said
coupling case.

17. The torque-coupling assembly as defined in claim 16,

further comprising:

a fluid control passage through which the fluid discharged
from said fluid pump into said coupling case; and

a variable pressure-control valve assembly including a
valve closure member disposed within said coupling
case and an electromagnetic actuator for producing a
variable axial electro-magnetic force acting against said
valve closure member so as to selectively control the
flow rate of said fluid through said fluid control passage.

18. The torque-coupling assembly as defined in claim 17,
wherein said valve closure member is in the form of a spool
valve disposed in said fluid control passage, and wherein said
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electro-magnetic actuator produces said variable axial elec-
tromagnetic force acting against said spool valve so as to
selectively adjust the position of said spool valve in said fluid
control passage in order to selectively control the flow rate of
said fluid in said fluid control passage.

19. The torque-coupling assembly as defined in claim 18,
wherein said electro-magnetic actuator includes an electro-
magnetic coil assembly disposed outside said coupling case
and an armature disposed inside said coupling case and axi-
ally movable relative to said electromagnetic coil assembly.

20. The torque-coupling assembly as defined in claim 19,
wherein said electro-magnetic coil assembly is disposed out-
side said coupling case and is non-rotatably mounted to an
axle housing of said auxiliary drive axle assembly; said arma-
ture is disposed inside said coupling case.

21. The torque-coupling assembly as defined in claim 20,
wherein the position of said spool valve is selectively adjust-
able between an open position allowing flow of said fluid
through said fluid control passage and a closed position
blocking flow of said fluid through said fluid control passage.

22. The torque-coupling assembly as defined in claim 21,
wherein said fluid control passage is formed through an end
plate adjacent to said fluid pump and said valve chamber is
formed in said end plate across said fluid control passage.

23. A torque-coupling assembly comprising:

a case containing fluid;

a shaft rotatably mounted within said case;

a friction clutch assembly disposed within said case for
selectively drivingly connecting said case to said shatft;
and

a pump within said case for loading said clutch assembly,
said pump being supplied with fluid contained in said
case.



